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(54) ADAPTIVE WAVEFORM EQUAUZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce square 
difference between a reference signal and an output 
level by calculating optimum number of taps and tap 
coefficient from the delay of the reflected wave of an 
input signal so as to change a digital filter to the 
optimum number of taps. 

SOLUTION: A delay calculation part 24 calculates the 
delay quantity of the reflected wave of the input signal 
from the input signal inputted to an input terminal 1 1 and 
the reference signal inputted to an input terminal 21. An 
optimum number of taps calculation part 25 calculates 
the optimal number of taps responding to the input 
signal from the delay quantity of the reflected wave of 
the calculated input signal and sends information on the 
optimum number of taps. Thereby a variable digital filter 
part 22 switches the number of the taps of the digital 
filter to the optimum number of taps and a waveform- 
equalized algorithm part 23 calculates the tap coefficient 
of the optimum number of taps and writes the tap 

coefficient in the variable digital filter part 22. Consequently the input signal is waveform- 
equalized by the optimum number of taps to reduce the square difference between the 
reference signal and the output level of the digital filter. 
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(404^-rj:o^. s®»aia52 4^^»aja55 2 
tcA^j^ix. ^c\x'^ft.^2^<Dm^<r>mtt>m^ft. 

ft. -?-<7)^SiiI®*»:aia55 3(cA*$ix, «®»» 

tffrtet&tmmvx. z&mn-im&zmaiLxiiiT} 

[0044] mz^ 0 5 Sr#ssLT , 0 1 iz^-tMMW. 

&&2 4cr>mM%ffif&.<oft>cDmiz^xmn-?&. . 0 

5tcfc^T. 6 Hm&%MkT)l'ZfVXJ*&2 3frt><7) 

9 v7mtL<7>ffim*A7}~?i>AJi^. 5 1 {«rajL* 

ilffifi^^rtlfi^S:#jS^ y rSl[aja52 5 tCffi^ft 
m*^. 6 2(4^ yT{SfSC^^bS&»ai-rft^ yT 

&m£m&. 5 3J4A*«^R9^cos@fi$-*ai-r 

ftjBEiSmSP-Cfcft. 

[0045] OT. 0 5 £#!$LT . *^ftgffi*ffilEB 

2 4cr>mwizr>^xwm-&. t-r. mmmit^coxT) 
m^z^T* a?)V7 <}v?U22 kmmmitrt^' 
>jxj*&2 3X'mf&zti£zwmmt&izt5\,^xwi : &m4t 

<. m^ftfi?!li:LT, **Sfe£0^-C'(4. 2000f- 

rmmmmzm^tz) fc, 9 yymamm^mm 

itTJVzf 'J XAgg 2 3H?7 r^S^m^P 6 2 tcA^J 
LT^-yr«St^l£«-rft. ^LT. ^ yr«ai£«g|5 

6 2 ••/ r«sc(7)^k«^^ai-r ft . ass*aigp 5 
3 (ciu v vc , ^ . y r^tScco^-fbfi^'A # vv? -y 

Rit«<oaffiS;$r»ai-rft. 

[0046] KLtJMBBLfei^C *»gco»®^J;ix 
SJ^(bll^m-ftA*fi^tS*Sim^i:^J;-5T 

A^fi^-oRs^oais^mai-rftjiS^ajgpt . a^i 
m^tofcMifcwmwiz £-?xx?> m^<r>&m 9 -y rfsc£ 
nm^h&m? -yxwn^t . sa^ yr^-r^> ; 

ryVP7 ^I^OpJ^ -f -f h . 

•y ^<7>$ygtfHt;T^ ^ i| XAgp tzma&ztlzi-o 
x. fe&mt&izjcft&xnmmzi^xmm*? yx 
WL^m^xnmm\t^o^tifX'^h<r)x\ mmm^ 

<?m<n>z3mm:>h% <-tzzt wx-z ft . 
[0047] t3m<nw,2<n>mte<mm^ jjit. 06 $■ 
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n-,7mx'hz>. meiza^x, 1 1 izw&mt&izn 

-t^AJHI^SrA^SA^ag^ 7 1«f-(f+/7 
Vx-fi^Jt (a*U^^</l^llli?<Oil£ L<:5^ 
^^^l^-W</^^:<0Jt, D/UJtfc^?) <Og£B£ 

[0 04 8]**:, 12J±H1^^. 2 2te?-v7m.£ 

fcgiS? yX&i: fcfflwc? yXfiSgtegaj LZO? >y 

T/PaT >J X^SP . 2 5 (iA^lft^-^RSt^affi* 1 ^ A 
^{f-^Kjet^ftiSS:? •/7®.*9.\&thWtM? y X& 

Mta^x-h o , ULtum i witjg, t isi«$r t cot-£> & . 

[ 0 0 4 9 ] 126 (C^i-3(s^Bfltf0m2cO|li6^®(CtJ 

i^t, mi<7)ffif&tm%&<7)te. ^mMco&miz&^x 

&D/UJt3rji}g&7 2 k A*<i-^»D/Ujfc6»fe*SRr 

* v7$Lznx-t&<m? v -rmn^ 7 3t t 

[00 5 0] J»c, 06Sr#BBLT, ^f^OlS 2 CD* 
jfc^)»lBtc*5 ft & jgJ5M^^[3s<oi»m;:ov ^x mm 
-$h. AfifiFFl 1 IzAJlZtifzWffimtSs'^O 
A*fl-^(iD/Uit»tBgP7 2{CA^J^ix^». D/Ult 
®aigP7 2{C*>V^T. ^cOA^Jfi^OD/Uitti^ 

[00 5 1] 
[&5] 

D/U=20 - log,«|X./(x-d) I 

[00 5 2] -eoD/Uit^fflfg^^^ yT^tH^ 

££«?yxf^as&7 3-emfj-r.?>. sii^yT&m 

ajSB2 5-C'{±. ta^77f?:m, ^^-yXgtSrT, 

[0053] 
[&6] 

m= c +T 

[00 54] •/TWS.^2 5l l Zii^XmM^ -v 

7mtf%&zixtzm±. ±m& 1 commn&mt mm* 
mmz&^xffi&mvrmsiztih. ^m&commiza 

Ki,, ^r-f v^;P7-f^^gP2 2 0<i^tia2fi. 

[0055] txhowprnj; oiz. ^mmmizzniz. 
mzmt&'WAjjm^tmmm^tizi^xAJjm^ 



7 <r /P:? i: , SS? -y T|gt<0^^fbT^rf U XAgB£ 
ifctt S i fc (c J; o T , WfrftfS'v<7>A2lfI^*® : 5r 
* y 7lfrC*»*flifc ff^tm, S^fi^O*^ 

[0056] {Mm<r>m3<r>mk<mm trr, H7 

#BBLT, *%BBO«3c?)»igc7)Bffi^tJ(t-g.®JE^^ 

D.y;it'*l». !7CfeV^, 1 1 li«3Wfc3§tC*t 

yu^*-^^a*fi^-^A^^-2»A^^. 1 2«ai^sg 

t *^A*«^S*t^a®$r*aii-i»iiS»tiJgB. 
2 5«A*«^SJt»«iSffiA^A^m-§-^t^# 

iasr* •yxisc^jttfj^&jg? •yngcimssBT'&o-c, 

liLhtiH 1 <0«j£ fc mm* i> COT'S) s . 
[0057] l!7^-r*^BJ<om3CO|ISficO®®(CtJ 

12, "RE-r-f 1/^7 ^yP^g?2 2c0fti5')(C)iSc0T r 

-rvxj*&2 3<y>R^o^s®^ yyw^m^xf -f i'* 

;^gBco? -y TlgtSr^-T-S. i a lz Ltzmm®. 
mtitTlV I' U XAgp 8 2 5rffiffl Lfc Z t X'&>%> . 

[0058] mz, H7 ^#B3tT, ^wm^3<r>% 
mco&miz&vzmmwijmHtftnfmiz^xmi 

^fi^-tA^j^2 1 fr^commm^tizx o±ia*% 
hjco^ i conss^«(ct3(t^ t mm^m^mmmsi 

g? 2 4 St^Sii ^ y XStttaigP 2 5 TitV * . A^ff-^W 

8 2ti^oftjg^ •/ymzmtxmmmtr/^vxM, 

£$&S.-tZ>Ztlz£*). 74iS9)Vy <)V9\,zm&-?Z> 

9 vy°im.i:$zz-X . -r^ ^'^^7-f;l^^gP8 1 k38i35 
»J^ft.ryUd-'JXA^8 2i:tcJ:0, SM^-yTiat 

[0059] OT, H8St/ia9$r#KUT, 07tC5n 
•TMXC^IHkT;W3'UXAg?8 20|^i^:«^{CO 
^tBWWi. ^-T, 08cO^{C*>V-iT, 9 1IJfjg^ 
•yX®S:tBgP2 5*>^<7)A^^. 9 2<ix -f 
-f ^^SS8 1 'v.coffi^SB^ 9 3 (2«it^ -y X&tiffg?: 
^tT, t >-r? - ^ -y ^ -fe >^ - ^ v 
r»aia5, 2 3(iA^(t#ttii*fI^-fc-fe>'^-^ yX 
coCiai: *m\^x*<n*v9-9 >/y°<r>&mzftfcth 
^ vT-mkzniz-t&m&mtTivJv xj±mx'$>& . 

[00 60]<J:tC, 08 2t#bblt, @8(7)Wc;i>{tS 
mmteBmitTfr rf 'J XAgS 8 2 <r>mtiz~? I ^hs-t 

S. ^-T, ^JS^ yXa^aigB2 5*>^gS^ yTS 
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^Srmfc-r^i:. -fe^^-^ yroffiactii^ CIS 

[006 1] 
[&7] 

c = N — m 

[00 6 2] ClOJ:9tc:LT^fc-b>^-^-yri0{a 

s c ommtmBmtTJUd- » x<uu 2 3 i,zm 0 . -ew 

■fe y * - * y rco&S c £Si£ Ufc«3PSWfcT^rf u x 
l»*m&mtT)V3V 2 3 X'$m L . -eix^SfiS 
L^? •v7$m.* : f4 i??)Vy 4)V?U8 1 £JiJ7J LT 
SS* -yT»cttlEL*:?1i?*£fr3 <fc 3 izLfzZ k lz£ 

8 2blz£-oX , S3?7 ft 1 
& - k h . 
[0063] 09^#B^tT. 09 confetti. 

3gft&JE^tT/l^l>XAgB8 2i0p$i^fil«W3OU 
Tg^/J^. 09tci>vvt, 9 liiftj&^vTfdtaigff 
2 5*^<0A^ffi^ 9 2X^4 1??)^ 4 iV9&8 1 
^tfOttJA^. 1 0 l{i«3S^ y7mifffg5rS<tTiseffl 

-r&'-fcgas&v^ -y7^c5:*tB-r-s.^^ * n&mai 
m^xmrnztttm-tt? -yy zwmmt 

T/VVXJ&X'hh. 
[0064]»:K. 09Sr#.^LT, 
Sfti&JPSKkT/i^ U XAgp 8 2«oiWefc:otvtKi3«- 
*i\ 1 tcS®^-y^m»tBgP2 5*>4> 

<7)#is^ y r&«?8£ l , y r&srassB 1 0 

1 tCfeWtTEOaS C&8 3 ^g=S:^-yrSc$- 
atai-rS. ^^/I^^U^rJ'yr&SrN. gji? 

[006 5] 
[&8] 

I =N-m 

[00 6 6] iO^d^LT^Tt^^yT^tl <Otf 

mzmmrntT/i- 1 v xasb 2 3 izm 9 , ^fs ? -y 
zwiBmtTti>^ , jxj>.&2 3X'$mL. -ttiizmmL 
m? -y rwAznm Ltzmn^o xoizttzztizx 

9. T4 ~J9)Vy </u?&8 l k&fti£78«.T;U=*'l) 
xm.^8 2hzx-ox, mm? vT&izmctzmwtcik 

[0067] ULhcOi o (C. iilfcf . 

^s^oA^m^ic i oTA^fi^oiiMSraai-r 



<r)mm?vymzmni-&mm?-vy°$iMiii&t. mm 
? 'vyguzmrs^n&Ltz-? v-rm&m^x . -f -f^* 
?)vy 4)V9^<n?yy^z^thmm.mmcr)v 

rfyx^gsk. ffl^T^^^^kSr^ttS.r 
k J: -oT . »0B^»^Aa«#*=*aftr* -y Xf& 
XWLBWltZft oc\t tfX'Z . a^ft^^ai^ K 

<i-Sdk^f#?>. 

[0068] Cf|BB^m4c0llJS(7)»©D OT. H 1 0 

-rya y^HT*>.S.. 01 Oteiswc. 1 1 (ias^k 
StStT?.A7Jft^A7J-rSA7J^. 7 1tiD/U 
ib«0»Jil^£^S^fi^&A7J^SA^^. 1 214 
ffi^SS^. 2 5(4A7JS^<OKSm<05iffi*^A7J(i^ 

gp. 8 uii»of-< -sffry nv9&, 8 2\,imm? 
•yym.im^XT4 : J?>uy < iv?ucr>9 •yy&Z'gm 
-§~%> xo<izl tzmmamfcTiv a- v xi>m 8 2x& 

[oo69] jy_L(in 7 \,z5*-fwn<nwi3 cr>m^<mm 
iz&w&ffifs.tmm%i>nxhz> . 07»Mti^i» 

toti. l26(^-r^BB^2<7)|IS6^®tcfc{t^^ 
BKklS|«t^ SEJKI{»2 4^ffiffl-^*, D/UJt*ai 
SB7 2.3Jf&§k9 -yymMtii^l 3 ^ftfflL^Cl kT'fc 

s. t^-^T. D/\j}tm.i)i&7 2R.u&m? •yysmiti 

SP7 3I4. m20lDI6co^-cm H /1t^rt^k|5l« : 5rW 

f^^fftK ^OfteOXO-y^Ji. 07tC^-r*^HJ<7)fig 

3 <y)»ficoj^®T-mBB L?t F*I§k [SIStSri&feSrfT 3 k 
(c<t^T^^t;&a^-ri.^k^*-C'#S. «tfc. ^ix 

[0070] JSJu I^B/IL^i o {c*HJ6^S(cJ:ft 
tf. «[J^-fb^tfOA^ffi^k**fi-^kfc«toTA7J 

ft^D/uit^acai-r^D/ujtfttts^k, ATjfi-^ 

nm&t. im*? •yrmt^mm? 

mm? vTim&ut . mm? yyHLtm^x? * 

)vy 4 )V?<r)9 y y^LZ^thmmitriVzi^ xi* 

SBk, 4 i?9 )l>7 4 )\s? tZWLWhZtlZX') 

x. m&mit^<nx-nmmzmmts:9 •yym.ximzf 
itziTdzttfX'iL. mmm^mmintn-^tf 4 

i?9)V7 4 }\s?<7)ftj} UK/KO-^HSr/h? < ■!> vl 
ttfX'Zh. 
[007 1] 

mmLtzXoizmfS.L. mmmt^zm-hx^m^ 
bx*m^cofjuim<r)mmzMmnx®X'W.iiiL. 
ffai^T-^^JtATifi^sttjSoa^^A^m^-fc: 
mtrzmm^? •yy^izmm? yy^nta^irzis^xw. 
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& l . wmmtTju* v x^m^mm? y -rwnzm t 1 2 

*:?-xT£&i*£aj7JU 1 ?4i?fJt'7 4A#*Ma*9'y 13 

7*a*:*fL3Be»rfBfc tfci fcfci 0 . mzmttM^cr, i 4 

A2ni-*fc*3*sr* yTwewa&mtzftizktfTZ 1 5 

*fctf>, 3BWi-9<^»aj*l^'<^fc-9* < *J9AS7 4)V 16 

^com^jK^i:<7)^^MIISr/h$ < Loh&tUZ 2 1 

ajG8Si«(«^*Se9W4£fc* , T'**. 2 2 

iwmtof&mtcfflm 23 

[an *^<om 1 <n9£fc<w&fflz& tfh mmm$m 2 4 

3Hl3£<0#ij££SH-:/n x 7 0 2 5 

[02 101 K^fsBtr ■< -f ;U*»W>B»l>5r 3 1 

««-fll^St7'n -x 70 3 2 

[03 1 0 1 1Cjfrr*J&T4 ~J9)V7 4 w&emwfe 3 3 

It^.cOfScoW^^-TT'a x ? 0 4 1 

[04]0i iz^mwn.tiii$v>mM%mf&v>--mz^ 5 1 

-ryo-x^0 52 

[05]0i t£^&mnai&wmffl%ffif$.<?>me>Mt: 5 3 

St/D7?l 6 1 

[061 *mi<?>m 2 ommcn&mizti v&mmmwiB e 2 

mm<r>mfSLi^-ryo -,>?m 71 

[071 *W%<r)W> 3 ff>ggtl>ftS>B£& tthmfMWiB 7 2 

^kts<^«j££*-f t'q •/ ?0 7 3 

[08107 tc^-raje^^fbr v x^^comm 8 1 

«<7)-MJ^t/D -x ? 0 8 2 

[09107 iz^-tmfibimmtTjn u xA«*>i$iB 9 1 

^McOftcO^^Styp >x 70 9 2 

[0101 *mi<r>m4 commnBmiz&v&m&wwi 9 3 

^^fC^Wfi&^^T'D x ?0 101 

[01 11 t¥*«0®i5MjS»^fbSO«^Sr^7-o 131 

. y ?m 132 

[flF-^-OiftBfll 1 3 3 flH*2s 
1 1 ATJSS^P 



mass? 

V- 5 >-XXN*— -f 
W£nr4 : J9 fry 4)V9B 

mzmtrivmxj*® 
&m?-vy°$m&® 

A71^ 

$MM<V7 : 4 i?9)Vy 4JU? 

^fyyu - y 7 iz^mvtzf 4 V9)V7 4 )V9 
mentis® 

yyws.tam 

7*4 i/9)V7 4)V9& 

7m?yyim\m 



[021 



2 2 *iti7<i>9*-?-<*>99 




32 »a*o^< y?n.7</vs> 



[03 1 
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[01] 



1 1 



n 



mm 



2 2 



2 4 



t 2 {fc*4arP 



2 3 



2 5 



2 1 A2>iSrF (1*11^) 



[04] 



1 1 Atjmr- 



5 2 



2 1 A^iSrf 1 t- 



5 3 



2 4 sswrnss 



5 1 



[05] 



6 1 AASsFF- 

i 



6 2 



5 3 



I 







— * 








2 4 S&HttJSB 



7? 



5 

as***? 
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[06] 



1 1 AJ}**=F 

I 



2 2 



r 



if 



7 2 



D/Uit 



7 1 AMT 



7 3 



1 2 




2 3 



2 5 



[07] 



1 1 Atl^rf- 

£ 



r 1 




if 



2 4 



L 



2 5 



2 1 AftOT 
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[08] 



8 2 &m : J&&W<t7Jl>X>J XAM 



;- 3 -^ C — -/En. 



T 



9 1 A^4»^ 



7? 



9 2 



<M&*v?&. 1 * 



[09] 



1 0 1 



8 2 mtzmmtDi^vx^u 

2 3 



■r ^y— I -f--~\ 



r 



9 1 A*«^ ! 



mm® 



~7? 

9 2 



[010] 



1 1 AJimFF 

I 



r 



7 2 



D/Utt 

If JUS? 



7 1 A*«tF 



8 1 



: J$ )\>-? 4 )\>9U 



8 2 



7 3 



2 5 



1 2 
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[01 1 1 
I 3 h9>*'<— 
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